INTRODUCTION {#sec1-1}
============

For caries control, it is necessary to detect caries' lesions in an early stage of histological changes.\[[@ref1]\] Visual, tactile, and radiographic approaches are just the basic and most commonly used methods for caries detection. But these methods are subjective, with a low reproducibility.\[[@ref2]\]

Some light-based methods are used for caries detection, such as conventional radiography, micro radiography, Digital Imaging Fiber Optic Transillumination Imaging (DIFOTI), quantitative light-induced fluorescence (QLF), and laser-induced fluorescence (DIAGNOdent).\[[@ref3]\]

Laser fluorescence (LF) is a method introduced for early diagnosis of the dental caries. It is useful for early detection of hidden caries in non-cavitated teeth through a non-invasive method. It emits infrared light (655 nm), that can be absorbed by organic and inorganic tooth materials, and the process of remitted fluorescence shows various scales between 0 and 99. The value of 20 or 25 and higher indicates caries lesion, higher the scale deeper the caries invasion.\[[@ref4][@ref5][@ref6][@ref7]\]

The exact mechanism of DIAGNOdent is still not clear, but two theories exist: First, when the red light meets a change in tooth tissue, such as porosity due to demineralization or hypomineralization, it stimulates fluorescent light of a different wavelength. Second, some bacterial metabolites such as porphyrines (proto-porphyrine, meso-porphyrine, or proporphyrin), result in the red fluorescence of carious teeth.\[[@ref8][@ref9]\]

Although several studies have been conducted to find the efficacy and validity of DIAGNOdent for detection of occlusal and smooth surfaces caries,\[[@ref10][@ref11][@ref12][@ref13]\] little evidence is available about its efficacy in monitoring of remineralization in incipient caries.\[[@ref11]\]

Diniz *et al*., (2009) carried out a study about the efficacy of laser fluorescence in detection ofdemineralization and remineralization in bovine teeth. They concluded that this device was not efficient in monitoring of demineralization and remineralization in enamel smooth surfaces.\[[@ref11]\] Mendes (2003) in an *in vivo* study found that laser fluorescence was not favorable for monitoring of remineralization in primary teeth as well.\[[@ref14]\]

In contrary, Shi *et al*., (2001) have suggested LF to be efficacious for assessment of smooth-surface caries.\[[@ref10]\] These controversies are probably due to different methods used in each study.

Several qualitative methods are used to determine changes in mineral materials of enamel during caries process, such as Transverse microradiography, polarized light microscopy, and microhardness measurements (SMH). SMH is a simple and harmless method that gives some information about surface mineral changes, but not about mineral changes in the body of caries lesion.\[[@ref15][@ref16][@ref17]\]

The aim of this *in vitro* study was to evaluate the efficacy of DIAGNOdent to detect demineralization and remineralization of smooth enamel surfaces.

MATERIALS AND METHODS {#sec1-2}
=====================

In this laboratory trial, 54 extracted semi-erupted upper and lower third molars with no clinical signs of caries or white spot, were selected. Two hundred sixteen enamel blocks \[four blocks (4 × 4 mm) for each tooth\] were obtained by mesiodistal and buccolingual sections from each tooth with disc and mandrel (D and Z, Germany). The specimens were cleaned and washed with water, then stored in distilled water at room temperature. Each block was mounted in epoxy resin for a suitable surface microhardness analysis. Then the specimens were polished serially by Diamondpro (FGM Dental Products, Joinville, Brazil).

The microhardness analysis was done by microhardness tester using Vicker diamond (COOPA, MIH, Iran) under a 50 g load for 10 seconds.

From 216 blocks, only those with hardness of 338.02 ± 30.31 VMHn (Vicker Microhardness No) were selected for artificial caries lesion induction and the others were excluded from the study, due to their high variable microhardness values.

A laser fluorescence device (LF2190, DIAGNOdent, Kavo, Biberach, Germany) with probe tip B was used in our study. Two operators read LF to ensure validity of the observation and the inter-observer agreement was determined before the assessment.

The device was calibrated against a porcelain standard before reading and after testing each 5-6 blocks. Then each block was dried with gauze. The probe tip B was kept perpendicular to the tooth surface.

The maximum LF values were recorded for each block. After reading each block three times by each operator in a 1-week period, the mean values were obtained. Then the blocks were immersed in a 12 ml demineralization solution made of 1% sodium carboxymethyl cellulose in 0.1 M of lactic acid (containing 3 mM of calcium and 1.8 mM of phosphate, pH = 4).\[[@ref18]\]

The blocks were placed in an incubator for 36 hours at 37°C. The surface hardness test was done again after demineralization, and mean and standard deviation (SD) were calculated and 132 blocks with SMH 67.57 ± 24.14 were selected for pH-cycling process.\[[@ref11]\] The other 40 blocks were excluded from the study due to large differences in the mean and standard deviation after demineralization.

PH-cycling method was done as follows: A fluoride dentifrice containing 1450 ppm (Stannous Fluoride, Crest 7 complete expert, Germany) was applied. PH-cycling process includes 1 minute soaking in 100 ml 33% (w/v) dentifrice/water slurries four times per day (8:00 A.M., 10 A.M., 2:30 P.M., and 4:30 P.M.) to stimulate tooth brushing exposure \[Paes Leme\[[@ref19]\].

Then the blocks were washed with deionized water and immersed in 4 ml of artificial saliva (BioXtra Alcohol free Mouthwash, Biohelp, Belgium) at 37°C.

Thereafter, they were immersed in 12 ml of a demineralization solution from 12 A.M. to 2 P.M. to mimic the acidic conditions of oral cavity. The continuous demineralization and remineralization cycles were done for 6 days. The solution was replaced after 3 days.\[[@ref10]\] After this stage, LF reading and SMH were recorded again for each block and the results were compared to the results of baseline and after demineralization.

Statistical analysis {#sec2-1}
--------------------

The data were analyzed by Statistical Package for Social Sciences (SPSS)-16 using analysis of variance (ANOVA), Paired samples *t*-test, and Pearson\'s correlation test.

RESULTS {#sec1-3}
=======

To evaluate the inter-and intra-examiner agreement, the term "intra-class correlation (ICC)" was used. ICC results below 0.4 was considered as poor, 0.40-0.59 as fair, 0.60-0.75 as good, and above 0.75 as excellent.\[[@ref11]\]

The results showed no statistically significant difference in mean DIAGNOdent readings between two operators at baseline (*P* = 0.699), after demineralization (*P* = 0.774), and after remineralization phases (*P* = 0.161). According to Pearson\'s correlation test, the inter-examiner correlation was 0.94, 0.99, and 0.97 at baseline, after demineralization phase, and after remineralization phase, respectively.

[Table 1](#T1){ref-type="table"} shows the mean values of SMH and LF readings at three different times, and [Table 2](#T2){ref-type="table"} shows two by two comparisons of SMH and LF readings in three stages.
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Mean SMH and LF readings of enamel surfaces in three stages
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Two by two comparisons of mean SMH and LF readings of enamel surfaces in three stages
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The comparison between baseline and demineralization, between baseline and remineralization, and between demineralization and remineralization values showed significant difference (*P* \< 0.001, *P* \< 0.002, and *P* \< 0.001, respectively).

The results showed that microhardness was significantly decreased after demineralization, and was significantly increased after remineralization that was still lower than baseline.

The distribution of LF values according to SMH is shown in Figures [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, and [3](#F3){ref-type="fig"}. [Figure 1](#F1){ref-type="fig"} shows the inverse linear relationship between DIAGNOdent and microhardness values at baseline. Also the same result was found after demineralization \[[Figure 2](#F2){ref-type="fig"}\], but this inverse linear relationship was not observed after remineralization \[[Figure 3](#F3){ref-type="fig"}\].
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DISCUSSION {#sec1-4}
==========

Three major steps in management of dental caries are prevention, control, and treatment. So, it requires appropriate detection of caries lesion, especially in its early stage, and monitoring its progression.\[[@ref20]\]

Optical properties have been shown to be useful in determination of mineral loss in enamel tissue.\[[@ref21]\] LF device was introduced for occlusal and smooth surface caries detection.\[[@ref4]\] It can record the difference in the fluorescing capacity of the sound tooth and the carious lesion. Changes in some properties of mineral components, such as reflection, transmission, and color absorption in demineralized teeth, affect LF reading and so the value is different from healthy teeth, which helps in detection of caries.\[[@ref11][@ref21]\]

In current study, the inter-examiner agreement was between 0.94 and 0.99. Kuhnish *et al*., in an *in vitro* study to assess the reliability of DIAGNOdent measurement,\[[@ref22]\] and Aljehani *et al*., found the values of inter-examiner agreement to be 0.93-0.98 and 0.91-0.99, respectively.\[[@ref6]\] These two studies were in agreement with our study that showed excellent ICC. Diniz found ICC to be between 0.51 and 0.61, that was different from our results.\[[@ref11]\] This is probably due to technical errors, so it is necessary to train the operators before experiment.

Previous studies conducted to detect demineralization and remineralization with DIAGNOdent, were either experimental\[[@ref11][@ref14][@ref23]\] or *in situ* ones,\[[@ref24][@ref25][@ref26]\] and one study considered both experimental and *in situ* conditions.\[[@ref1]\]

In the current research, the comparison of the results of LF at baseline and after demineralization showed a significant difference. Diniz *et al*.,\[[@ref11]\] Shi *et al*.,\[[@ref10]\] and Mendes *et al*.,\[[@ref13]\] reported no statistically significant difference that can be related to some misdiagnoses, such as inadequate diagnosis of minor changes in inorganic components by LF. It may probably be due to differences in demineralization solutions, pH-cycling procedures, and artificial solutions.

The LF values were increased after demineralization and then decreased after remineralization, but they were still higher from baseline, this can be due to some factors such as operator errors.

We also used SMH as a standard and results showed a significant decrease in microhardness after demineralization and an increase after remineralization.

Our results about increased LF values after demineralization were consistent with the results of Mendes and Nicolau. They attributed this increase to enhanced porosity in enamel surface due to decrease in overall mineral content.\[[@ref13]\]

Furthermore, decrease in values after remineralization was in agreement with Diniz *et al*., study and can be due to a decrease in porosity of enamel surface.\[[@ref11]\]

The increased mean LF reading after pH-cycling than baseline was similar to Gokalp and Baseren\'s results\[[@ref27]\] and inconsistent with Mendes *et al*., study.\[[@ref13]\] This can be explained by the difference in samples (primary or permanent teeth).

We found LF as a useful device for detection of demineralization that is in contrast to Silva *et al*., They found no changes in LF values of non-cavitated teeth in an *in vivo* condition and concluded that it was not a suitable method for this purpose.\[[@ref14]\]

According to current study, DIAGNOdent was not useful for assessment of remineralization. This result is similar to Mendes *et al*.,\[[@ref14]\] Diniz *et al*.,\[[@ref11]\] and Jablonski-Momeni *et al*.,\[[@ref23]\] Silva *et al*.,\[[@ref25]\] and Guimaraes *et al*.,\[[@ref24]\] but it was contrary to Spiguel *et al*.,\[[@ref1]\] and Celiberti *et al*.,\[[@ref26]\]

Some factors can produce different results in different studies, such as different toothpastes components or artificial solutions, different maintenance solutions (thymol, formalin, chloramines or saline or distilled water), different cut-off limits of manufacturers for LF,\[[@ref28]\] type of the study (*in vivo* or *in vitro*), condition of the study and sample selection (bovine, hypomineralized, primary, or permanent teeth).

There are some differences between clinical and laboratory conditions, such as presence of bacteria in clinical studies, absence of some enzymes in laboratory trials e.g., monofluorophosphate (MSP) that has a hydrolyzing effect in oral cavity and can influence the pH-cycling process.\[[@ref29]\]

Some components of toothpastes remain in pits and fissures and cause increased LF reading. Also, in most *in vitro* studies, the results of LF readings were lower than *in vivo* ones.\[[@ref11][@ref29]\]

We found increased DIAGNOdent and decreased microhardness values after demineralization that followed by a decrease in DIAGNOdent and an increase in microhardness values after remineralization, but it did not reach the baseline value. These increasing or decreasing trends were in consistent with Diniz\[[@ref11]\] and Spiguel\[[@ref1]\] studies, but the values of the current study were higher than Diniz, probably due to the usage of human teeth instead of bovine teeth, different storage solutions, different demineralization and remineralization solutions, and different pH-cycling processes.

CONCLUSION {#sec1-5}
==========

Four major conclusions of this research were:

The DIAGNOdent values increased after demineralization and then decreased after remineralization.The microhardeness values decreased after demineralization and increased after remineralization.There was an inverse linear relationship between DIAGNOdent and microhardness values at baseline and after demineralization, but not after remineralization.DIAGNOdent is an appropriate device for detection of demineralization processes in smooth enamel lesions, but it was not so efficient in the detection of remineralization in an *in vitro* condition.
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